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 Abstract - In modern mining, it is imperative to have a 
real-time flow of information between enterprise level systems 
(ERP, CRM, SCM) and shop floor systems. The gaps that exist 
between the two spheres make it difficult for managers to have 
timely information for optimum decision making. A mining 
company needs instantaneous visibility on production, 
quality, cycle times, machine status, and other important 
operational variables in order to achieve optimum and 
effective operations. With the implementation of Industry 4.0 
technologies fragmented shop floor systems and the enterprise 
level systems communicate seamlessly in delivering optimum 
operations. The research demonstrates Industry 4.0 
technologies as the mechanisms for integrating business 
systems and processes. The methods researched are deployed 
in a uranium mining company to integrate all shop floor 
systems with SAP ERP.  The results introduce a semi-smart 
Mine with real-time visibility of overall mining status. 
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I.  INTRODUCTION 
 
 Mining is one of the biggest contributors to socio 
economic and human development.  However, high global 
demand for raw materials, reduced ore grades, strict labor 
market and high standards for production requirements in 
tandem with saving environmental resources are key 
challenges of the Mining Industry. Mining is also 
undergoing other significant market challenges such as 
international competition, reaching the technical limits of 
economies of scale, and continued declining commodity 
prices [1-2]. To tackle mining challenges, it is imperative 
to have a real-time flow of information between Enterprise 
Resource Planning (ERP) and different lower level systems 
in the mining environment [3]. The extended challenge is 
full ERP to plant integration. 
 In order to achieve operational excellence, compliance, 
and management, mining companies have invested large 
capital  in ERP systems. However, the promise of easy 
integration of advanced technologies at various levels in the 
mining business to achieve higher flexibility, better quality, 
process outcomes and control and higher profits has been 
difficult [4].   
 Industry 4.0 technologies which encompass Internet of 
Things (IoT), Industrial IoT (IIoT) Cyber Physical Systems 
(CPS), Big Data, etc. have been argued to be the best 
solution for integrating business processes in 
manufacturing industries.  Reference [4] praises Industry 
4.0 for its three dimensional architecture: first, the 
horizontal integration that spans across the entire value 
stream network; second, the end-to-end engineering that 
covers the entire product life cycle and last, the vertical 
integration for networking all manufacturing, plant and 
ERP systems. 
 
A.  Industry 4.0 Vision 
 
Reference [5] describes Industry Revolution (Industry 
4.0) as a strategic inventiveness the German government 
adopted as a “High-Tech Strategy 2020 Action Plan” in 
2011. Industry 4.0 has gained popularity in many other 
countries globally. Industry 4.0 is the extension of the 
previous three industrial revolutions that is based on 
mechanization. IoT, IIoT, and CPS are thrown into the 
manufacturing sphere to move manufacturing towards a 4th 
industrial revolution [6]. Fig. 1 depicts industrial revolution 
in accordance to previous studies’ elucidations [6-7]. 
 The 1st industrial revolution was based on water and 
steam-powered mechanical manufacturing. The 2nd 
industrial revolution was as a result of electrically powered 
mass production advocating division of labour.  The use of 
electronics and ICT to achieve further manufacturing 
automation yielded the 3rd industrial revolution. Then IoT 
and CPS usher to the 4th industrial revolution. 
  
Fig. 1. The four stages of the Industrial Revolution [8] 
 
B.  Cyber Physical Systems (CPS) and Internet of Things 
(IoT) 
 
 CPS comprise field devices, machines, production 
modules and products that independently make decisions, 
exchange information, trigger actions, and control each 
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 other. CPS are realised by the employment of IoT 
technology to transform factories into smart environments.  
IoT is the connection of physical or smart devices.  These 
devices have embedded mechatronic components, which 
are sensors for collecting data and actuator systems for 
manipulating physical processes. Human-machine-
interfaces are used by CPS to communicate with humans 
[6] [9]. 
 CPS enable vertical integration and networked 
manufacturing systems,   allowing flexible configuration of 
production and harnessing of differentiated management 
and controlling of process opportunities. CPS enable new 
opportunities for mutual benefit by allowing closer 
collaboration between business partners (i.e., suppliers and 
customers) and between employees [10]. 
 
C.  Industry 4.0 Paradigms 
 
 Industry 4.0 embraces three paradigms; viz., horizontal 
integration through value networks, end-to-end digital 
integration, and vertical integration [5] [10-11].  
 Horizontal integration through value networks enable 
local and globally dispersed value chain partners to 
collaborate through the integration of their Information 
and Communication Technology (ICT) systems, 
processes and data flows. This integration sheds light 
on how CPS should be used to sustainably implement 
and support the company’s business strategies, value 
networks, and business models.  
 End-to-end digital integration of engineering across the 
entire value chain describes the cross-linking and 
digitization of the entire product lifecycle. The product 
is tracked from its raw material status, manufacturing, 
use and its end of life. This integration answers 
questions such as how can end-to-end business 
processes like engineering workflow be delivered via 
CPS. 
 Vertical integration and networked manufacturing 
systems connects different internal sections of the 
manufacturing company such as ICT systems and 
processes. Data flows from product development to 
fabrication, logistics and marketing. Thus, creating a 
smart manufacturing environment. This integration 
enables CPS to create flexible and reconfigurable 
manufacturing systems. 
Fig. 2 depicts the above mentioned Industry 4.0, horizontal, 
end-to-end, and vertical integrations within a smart factory. 
 
D.  Characteristics of Smart Factories 
  
 Industry 4.0 enables the creation of sustainable smart 
factories. This section discusses the main characteristics of 
these smart factories [7-8]. 
 Mass customization: Fluctuating requirements of 
production orders are accommodated.   
 Agility: Different aspects such as time, quality and 
price are well managed by intelligent and self-
configuring production systems. 
 
 
 
Fig. 2. Industry 4.0 paradigms [6] 
 
 Visibility and optimised decision-making: IoT 
provides endwise transparency in real or semi-real 
time. 
 Better planning methods: Factories can be optimized 
at different levels in real time on a case by case basis. 
 Improved data analysis: Large quantities of data 
provided by IoT devices can be used for analysis 
purposes. 
 Remote monitoring: IoT enables remote monitoring, 
operating and maintenance of factories.   
 Automation: Manual processes will be automated to 
reduce human involvement. Thus, enhancing 
efficiency whilst reducing errors and waste.  
 Proactive maintenance: Proactive maintenance can 
be achieved by the collection of performance data in 
real time to determine when a machine should be 
booked for a service. 
 Integrated supply chain: IoT delivers information in 
real time enabling manufacturers to better understand 
their supply chain.   
 Energy management: Energy consumption by 
production lines and machines can be measured and 
managed effectively.   
 
E.  Industry 4.0 and Big Data 
 
 In modern industry, more than 1000 exabyte of data 
volumes are created by smart machines and devices, 
sensors, cloud-based systems, and business management.  
These data volumes are expected to increase in a few years’ 
time. Big data era is also stimulated by emerging 
technologies like IoT and CPS [4] [12]. 
 Big data is going to play a pivotal role in Industry 4.0.  
The goal of big data is to help create smart factories in 
which machines and resources communicate like in a social 
network. Intelligent products will be aware of how they are 
produced and have the capability to collect and transmit 
data while they are being used. This will result in the huge 
 amount of data collected and analysed in real time [12].  
Simultaneously achieving inexpensive and fault-free 
processes, high performance, and good quality, all at the 
same time, are the main objectives of big data [7].  Big data 
will spawn benefits such as customer experience and 
fidelity, informed decision making, product development, 
market development, operational efficiency and market and 
demand predictions [13]. 
 
 
II.  METHODOLOGY 
 
 In the absence of real-time communication between 
ERP and sundry levels in the mining business and the 
recent successes of Industry 4.0 in manufacturing through 
the utilisation of IoT, IIoT, Big Data, and CPS 
technologies, this paper answers the following questions:  
 Can Industry 4.0 technologies be implemented in the 
mining sector? 
 How will implementing Industry 4.0 benefit mining 
industries? 
 Which implementation approach should be used? 
  In order to test the proposed approach and assess its 
impact on integrating business systems, a pilot study is 
conducted in a uranium mining company in Namibia. The 
study follows the System Development Lifecycle (SDLC) 
process. It commences with performing requirements 
engineering by studying the existing literature pertaining to 
the current challenges in the mining industry and the 
benefits of Industry 4.0 and its allied technologies.  
Workshops and interviews are conducted as well as 
observations to corroborate data gathered from literature, 
workshops, and interviews. Analysis of data gathered from 
aforementioned activities are translated into business 
requirements documents (BRD’s), systems blueprints, and 
Technical Design Specification (TDS). Several integration 
interfaces, business KPI’s and reports are defined and 
confirmed in the design documents. Fig. 3 illustrates the 
research focus of this paper.  
  
 
Fig. 3.  Research focus. 
 
 
III.  RESULTS 
 
 The result of the study yielded the integration of the 
following five systems at the Mine: SAP ERP, Fuel 
Management System (FMS), Modular Management 
System (MMS), Tyre Management System (TMS), 
Manufacturing Execution System (MES), and Geology 
Mine Planning (GMP).  
 
A. Vertical Integration 
 
 The realisation of a vertical integration of ERP, FMS, 
MMS, TSM, and MES has eradicated, through automation, 
a number of manually processed operations. For example, 
production management is one of many vertical processes 
that have been automated. Production orders are 
downloaded from the ERP to the central repository. Then, 
MES collects and utilises this data to schedule production 
activities. The production orders and related information 
are sent down by MES to the shop floor for execution. 
While production is executed on the shop floor, MES 
publishes work in progress (WIP) data to the central 
repository for the ERP and other systems’ perusal. 
Therefore, the ERP gets informed on the status of the 
production orders in real time. This information informs the 
sales and distribution department when orders can be 
shipped to customers. When orders are confirmed as 
partially or fully complete by MES, goods movements are 
posted and material consumption for material components 
assigned to an operation is consumed using back flushing. 
This helps inform the procurement personnel if more 
material should be obtained. By utilising back flushing the 
operator is spared from manually  issuing material 
components to the respective operations.   
 
B. Horizontal Integration 
 
 Horizontal integration is achieved by integrating the 
Mine with FMS, MMS, TMS and GMP systems. Data from 
FMS is used to determine the quantity of fuel in the tanks 
and  the quantity consumed by the mining vehicles. 
Therefore, FMS data enables the supplier (Engen) to 
monitor the amount of fuel in the tanks and the rate at which 
the fuel is consumed by the customer (Mine) in real-time. 
It is also possible for business to reconcile that the amount 
of fuel claimed to have been supplied by Engen is exactly 
what is received (consumed) by the Mine. Data shared by 
participating systems can be used in combination for 
performance management purposes. For example; it is now 
possible to determine, amongst other things, fuel 
consumption and tyre cost per tonnes hauled. Tonnes and 
tyre data is generated by MMS and TMS, respectively. The 
actual tonnes mined data from MMS is compared to the 
planned tonnes data from the GMP system. On the other 
hand, TMS informs the ERP of the number of good and bad 
tyres and rims available at the Mine. 
 
C. End-to-end Integration 
 
 End-to-end integration is realised through the 
integration of GMP, MMS, MES and ERP systems. Data 
pertaining to the end product (uranium) design, recipe, bill 
of materials, and costing are created and maintained in the 
 ERP. Then the data are published to the central repository 
for sharing with other systems. The production orders from 
the ERP are linked with published data. This enables a 
product to be smart enough to know things such as its own 
constituents, the way it is manufactured and the next 
destination.  
 
D. Big Data 
 
 The research yields the collection, cleansing and 
storing of data from all mining equipment and systems to a 
central repository. Consequently, large amounts of business 
data, from various sources, are placed at the Mine’s 
disposal in real-time. Having this cleansed data at a central 
repository enforces data consistency and a single version of 
the truth. 
 
E. Smart Mine 
 
Following the implementation of Industry 4.0 
technologies, a traditional open pit Mine has the following 
smart factory characteristics. 
 Visibility and optimised decision-making: The 
reports and dashboards for displaying business KPIs 
exhibit the Mine status in real-time thus helping 
management to take more informed and calculated 
decisions at the right time.  
 Better planning methods: During planning and 
scheduling, machine capacity overloads and 
constraints are highlighted which allows the operator 
to re-schedule operations. The created production 
orders are transferred to MES which allows the 
operator to get a detailed display of all planned 
production, production order operations, planned 
goods movements and dates. Once production orders 
are visible in MES, the operator has the ability to re-
schedule production order operations in cases of 
unplanned machine downtime etc. Any re-scheduling 
of production order operations done in MES updates 
the production order dates in the ERP accordingly. 
 Improved data analysis: All systems at the Mine are 
now integrated and consequently enabled to publish 
generated data to a central repository. The resulting 
data is used for improved analysis and KPI definition, 
creation, and reporting. Through big data, the Mine is 
simultaneously realising inexpensive operations, high 
performance, and good quality production. 
 Remote monitoring: The reports and dashboards are 
able to display, amongst other things, data collected 
from the shop floor systems to the decision makers and 
data shared from the enterprise level back to shop floor 
systems in real-time. These reports are also compatible 
with any web based fixed or mobile device, making 
them accessible at any time and from anyplace.   
 Automation: The vertical integration has yielded to 
the jettisoning of manually-created reports. As a 
replacement, users make use of automated and 
standardised reports that present meaningful 
information in formats that are easy to understand. 
 Proactive maintenance: The Mine is now taking 
advantage of the IoT technology to reduce unexpected 
downtimes. The vehicles and mining equipment 
publish performance information such as engine hours, 
mileage, and worked hours. Through this information, 
the vehicles and machines have become smart enough 
to know when they are nearing the maintenance period. 
Hence, proactive maintenance orders are automatically 
created in the PM module of the ERP. Consequently; 
the parts are ordered and the work is planned, 
scheduled, and executed during an outage instead of a 
downtime situation. This has resulted in a significant 
reduction of downtime and costly reactive 
maintenance.   
 Integrated Supply Chain: IoT  assists organizations 
to have a clear view of their supply chain information 
in real-time [8]. This is achieved at the Mine through 
horizontal integration that includes, amongst other 
systems, TMS. It is now possible for the suppliers of 
rims and tyres to have visibility on the lifespan of the 
rims and tyres. Performance information such as 
failure cost per operating hours, lost tread, ware rate, 
fitted tread utilisation, failure vs. worn, and wear cost 
per tonnes hauled help the  management to determine 
which brand is more suitable and cost-effective. The 
suppliers can use this information to enhance the 
quality of their products.   
 Energy management: The MES produces, through 
smart readers, energy consumption data for production 
lines and machines in real-time. Knowing which 
production lines and machines consume more energy 
allows the Mine to avoid running those production 
lines and machines during peak time. The Mine can 
also integrate energy data to the scheduling of 
production. 
 Agility: Important information such as time, quality 
and price generated by machines, products, and 
systems at the Mine are instantaneously collected and 
stored centrally. This information make it possible for 
MES to automatically stop a machine or production 
line if it yields inferior quality product or make high-
energy consuming machines and production lines 
unavailable during peak time. 
 
 
IV.  DISCUSSION 
 
 The absence of automated integration of business 
systems and processes is the essential reason for the 
difficulty in running a transparent and sustainable and near 
real time business. The implementation of Industry 4.0 
technologies results in integrated systems that operate in 
instantaneous unison.   
 Master-data is one of the pivotal elements of an 
Information System (IS) [14]. Managing and governing this 
data in the ERP level and sharing with other systems in the 
Mine eliminates data inconsistency. Previously disparate 
systems are also sharing some significant data. Data from 
these systems and other IIoT devices can be used for 
 analysis and many other reasons. From a plant maintenance 
(PM) perspective, this enables unscheduled maintenance to 
be reported in real-time and proactive maintenance is made 
possible by collecting performance data in order to 
schedule equipment for maintenance accordingly. The 
visibility of shop floor processes in the Mine has been 
significantly improved. This visibility enables optimised 
decision making, remote monitoring, and quality control; 
all in real-time. Important production data (e.g., WIP and 
material consumption) from the shop floor systems alert the 
ERP when customer orders have been completed, shipped, 
and when to create orders for raw material, to name but few 
automated alerts. 
  
 
V.  CONCLUSION 
 
 This study presents an overview of Industry 4.0  
architecture, related technologies and characteristics of 
smart production facilities.  These technologies are applied 
to bridge the technical gaps that exist in the Mining 
environment.  Hence, the study proves that CPS, including 
IIoT and Big Data, can be used for integrating systems that 
are operating in silos. By collecting and providing data 
from the shop floor systems to the decision makers and 
sharing data from the enterprise level back to shop floor 
systems in real-time and at anyplace; excellence in 
management, transparency, and sustainability of the 
business can be achieved. 
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